Objective: The aim of this study was to investigate the ability of laseractivated irrigation (LAI), XP-endo Finisher, CanalBrush, Vibringe, passive ultrasonic irrigation (PUI), and conventional syringe irrigation systems on the removal of calcium hydroxide (CH) from simulated root canal irregularities.
Introduction eliminate microorganisms in the root canal system, Ex vivo and clinical studies have indicated that intact areas remain on root canal walls during mechanical preparation, and therefore, it is important to perform irrigation in addition to mechanical preparation 15, 23 . For this purpose, several different irrigation solutions, medicaments and techniques have been used 10, 11, 14 .
Calcium hydroxide (CH) is widely used as an intracanal medicament between appointments to increase the number of canals free from bacteria because of its antibacterial, therapeutic, biocompatible, and regenerative properties 4, 26 . However, the remnant CH hinders the penetration of disinfectants and sealers into dentinal tubules and compromises the seal of 17, 22 . Therefore, residual CH must be removed before permanent root canal obturation is completed 8 . In most cases, the residual CH was removed following copious irrigation with sodium hypochlorite (NaOCl) and ethylenediaminetetraacetic acid (EDTA) in combination with the use of master (WL) 24 . Different irrigation techniques and devices were used to activate and improve the effectiveness of irrigation solutions 7, 10, 14, 25 .
A novel irrigation instrument, the XP-endo Finisher, has been introduced by FKG, Dentaire SA (La Chauxde-Fonds, Switzerland). This instrument's design penetration of irrigation solutions to the irregular area of root canal system by expanding its reach 6 mm in diameter 3, 29 .
of sonic and ultrasonic systems on debris and CH removal 8, 10, 28 in the literature concerning XP-endo Finisher 31 and laser-activated irrigation (LAI). Therefore, the aim of this study was to compare the effect of XP-endo 2.5% NaOCl was used to obtain a space for irrigation needles and instruments.
Group 1-Beveled needle irrigation: The root canals were irrigated with 10 mL 2.5% NaOCl for 2 min. via 27-gauge beveled dental irrigation needle (Ayset, Adana, Turkey). The needle tip was placed 1 mm short of the WL. (2007) . The scoring system was as follows: score 0, the groove is entirely empty; score 1, CH is present in less than 50% of the groove; score 2, CH is present in more than 50% of the groove, but not completely;
and score 3, the groove is completely covered with CH ( Figure 2 ). Evaluation was conducted based on the color codes by two endodontists blinded to the group number. Before scoring, the two endodontists assessed 50 randomly selected specimens simultaneously for calibration purposes. In the case of discrepant scores, a consensus was reached by discussion. . We preferred the scoring method described in the study by van der Sluis, et al. 30 (2007) because it is a simple and easily accessible technique and used in many previous studies 1, 8 .
CH powder was mixed with liquid and used in paste form in this study. Lambrianidis, et al. 18 (1999) used CH medications at 42% and 95% concentrations in their study and reported that CH content in the paste had no effect on removal from the root canal wall.
A commonly suggested method for removal of CH is the irrigation with NaOCl and EDTA accompanied by very light instrumentation and the use of MAF Similarly, van der Sluis, et al. 30 (2007) investigated the and found that PUI with NaOCl was more effective than PUI with water and syringe irrigation with NaOCl.
In this study, the effectiveness of different was found between PUI and XP-endo Finisher on the removal of CH from simulated irregularities in the apical third of root canals. However, previous studies showed its superior debris removal ability from the root canal walls 3, 20 .
The apical third exhibited higher amounts of residual CH than the coronal and middle thirds in all in line with the results of previous studies 12, 21 . This observation may be related to accumulation and transfer of residual CH to the apical region, which has smaller canal area and smaller volume of irrigation solution, as well as the anatomic complexity of apical third 9, 12 . The action and circulation of irrigants may therefore be hindered.
Conclusion
The activation of NaOCl with different instruments enhanced CH removal. Nevertheless, none of the investigated protocols were able to completely remove the CH from all three root regions. LAI and PUI methods removed more CH than the other protocols
